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THE FILLET.

(The tracts from the nuclei fastigii to Deiters's nuclei; descend-
ing thalamo-spinal fibres; a tract from the inferior collicular
region to the ventral column of the spinal cord.)

BY JAMES COLLIER, M.D., M.R.C.P.,
Pathologist to the National Hospital,

AND

FARQUHAB, BUZZARD, M.E., M.R.C.P.,
Registrar to the National Hospital.

IN the course of an experimental research upon the
paths subserving certain reflex phenomena in the central
nervous system of the cat and monkey carried out at the
Laboratory of Pathological Chemistry, University College,
London, under a license held by one of us (J.C.), we had
occasion to make certain lesions of the mesencephalon.
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178 OBIGINAL ARTICLES AND CLINICAL CASES

The degenerations resulting from some of these experi-
ments are here recorded. A series of cases in which de-
struction of the quadrigeminal and upper pontine region
had occurred as a result of new growth or softening have
been recently examined by us in the Pathological Labora-
tory of the National Hospital, and have given us the oppor-
tunity of comparing the experimental degenerations in the
cat and monkey with those resulting from disease of the
same region in man.

Our best thanks are due to Professor Vaughan Harley
for kind permission to use his laboratory at University
College, to Professor Victor Horsley for valuable criticisms
and suggestions, and to the Medical Staff of the National
Hospital for permission to make use of their cases. Dr.
Newton Pitt most kindly sent us the case of mesencephalic
abscess from ^-'ry's Hospital. (This case will shortly be
published by him in detail.)

METHODS.

The lesions of the mesencephalon were made by remov-
ing an area of bone over the posterior part of the sagittal
suture, gently separating the hemispheres and puncturing
through the corpus callosum with a cataract knife, with-
out exposing the lamina (Juadrigemina. In every case the
wounds healed by first intention. The animals were killed
with an overdose of chloroform from fourteen to twenty-one
days after operation. Both the experimental and patho-
logical tissues were removed as soon as possible after death
and were hardened in formalin for twenty-four to seventy-
two hours and subsequently in Muller's fluid for eight days.
For the Marchi method Bouche's sodium iodate modifica-
tion was used, and for staining the medullated fibres Robert-
son's copper pyrogallic method and the Kulchitsky-Wolters
method. The sections were cut in celloidin and mounted
in serials.

The line diagrams were traced from the specimens by
means of Edinger's apparatus, and the photographs were
made with the same apparatus.
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DESCENDING MESENCEPHALIC TRACTS 179

NOMENCLATURE .

Since some of the tracts dealt with in this communica-
tion have been described by authors under many different
names, it will be convenient here to indicate these names
and to add a brief anatomical description of each tract
according to the most recent German investigators. We
have adopted the terminology by which these tracts are
referred to in recent French and German indexes.

Monahow's bundle.—Vierhiigel-seitenstrangbahn; Abir-
rendes Seitenstrang-biindel (Monahow) ; Bubro-spinal tract
(Pavlow) ; Le faisceau mesencephalo-spinale croise later ale;
Boyce's tract; Aussere Seitenstrang-biindel (Meynert) ;
Fibres fondamentales du cordon lateral; Faisceau pre-pyra-
nvidal (Thomas, in the cord) ; Fasciculus tecto-spinalis
cruciatus (Edinger) ; Lateral columnar tract (Boyce).

This tract was probably seen by Forel in 1884 in the
mesencephalon and pons, but it was not traced to the spinal
cord. It was first described by von Monakow in 1883, after
hemisection of the cord below the pyramidal crossing in the
dog, and subsequently after section of the lateral fillet at
the level of the issuing fifth nerve. The development of
the tract was investigated by von Bechterew and Held and
more recently by Hosel; the fibres acquire their myelin
early in the fifth month of foetal life. The origin of the
fibres in the red nucleus was ascertained by Held and
Probst. Bechterew considers its place of origin to be the
deep gray matter of the superior colliculus. The termina-
tion of the fibres among the cells of the ventral and
dorsal horns of the spinal cord was shown by Probst and
Rothmann.

This tract was investigated in birds by Miinzner and
Wiener and has been found constantly present in the rat,
hedgehog, rabbit, guinea-pig, cat, dog and monkey. It was
first described in man by Held.

The tract is composed of large fibres which arise in the
cells of the red nucleus and issuing from its mesial aspect
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180 ORIGINAL ARTICLES AND CLINICAL CASES

lie in a bundle immediately ventro-mesial to that structure.
They cross the middle line sharply, decussating with those
of the opposite side between the roots of the ocnlo-motorius
in Forel's crossway—that part of the tegmental decussation
lying between the fountain crossway of Meynert and the
crossing of the brachium conjunctivum. The tract then
turns caudalwards lying dorsal to the substantia nigra,
ventro-mesial to the caudal end of the red nucleus and
external to the issuing roots of the oculo-rnotorius. It then
passes on to the dorsal aspect of the mesial fillet and
gradually passing over this structure from within out, sinks
through the angle of junction of the mesial and lateral fillet
at the level of the motor nucleus of the fifth nerve and
comes in relation with the mesial aspect of the spinal root
of the fifth nerve. At the level of the exit of the seventh
nerve the tract lies lateral to the superior olive, ventro-
mesial to the spinal root of the fifth nerve and reaches the
surface of the medulla crossed by fibres of the issuing
seventh nerve. Below this it occupies the dorsal part of
the fasciculus lateralis proprius of the medulla, lies immedi-
ately ventral to the spinal root of the fifth nerve and is
mixed with the fibres of the lateral ponto-spinal tracts,
the vestibulo-spinal tract and Gowers' bundle.

In the cervical cord the fibres are scattered over a
wedge-shaped area with the base ventral and lateral,
stretching from the mesial aspect of Gowers' bundle to the
middle of the dorsal horn. The fibres which are traceable
to the sacral region blend with the lateral pyramid below
the cervical region and end among the cells of the ventral
horn and in lesser extent also of the dorsal horns.

Contained also in Monakow's bundle are fibres which
degenerate above points of section and are said to con-
nect the ventral horn of the spinal cord with the nucleus
ruber.

The dorsal or posterior longitudinal bundle needs no
special description in this communication.

The ventral longitudinal bundle.—Vierhiigelvorderstrang-
bahn ; Presdorsales Langs bilndel (Tschermak) ; Faisceau
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DESCENDING MESENCEPHALIC TRACTS 181

long, predorsal; Faisceau tecto-bulbaire (Pavlow); Faisceau
marginale descendant ; Systeme du zone sulcomarginal
(Marie); Fibres fundamentales des cordons anterieures
(Hosel).

This tract was first described by Held in 1892. The
most important investigations and descriptions are those
of Held, Tschermak, Pavlow, Boyce, Eothmann and
Probst. Hosel has investigated the tract developmentally
and has found that myelination of the fibres takes place in
man during the fourth month of festal life shortly after that
of the dorsal longitudinal bundle and before any other fibres
than those of these two systems are medullated in the
ponto-bulbar region.

These fibres have their origin in the deep gray matter of
the superior colliculus close to the gray matter surrounding
the aqueduct; they course ventralwards and caudalwards
to cross the middle line in Meynert's fountain crossway
and then lie in a distinct bundle ventro-lateral to the
dorsal longitudinal bundle, the distance between these two
tracts increasing as they course down to the medulla where
they come together and run into the anterior column of the
cord. Collaterals leave the fibres of the ventral longitu-
dinal bundle to end in the lateral stratum griseum centrale,
in the lateral and contra-lateral oculo-motor nuclei and in
the contra-lateral nucleus trochlearis and nucleus abducentis.
The tract becomes much reduced in size below the nucleus
abducens and can be traced in the anterior column of the
cord as far as the lower lumbar region lying along the
ventral border of the anterior fissure. The fibres terminate
among the cells of the ventral horn some passing across
the ventral commissure to end in the opposite ventral horn.
The ventral longitudinal bundle consists entirely of fibres
which degenerate downwards (Probst).

Held has described fibres running in the v. 1. b. which,
taking their origin from cells of the deep gray matter of the
superior colliculus just behind the nucleus commissurae
dorsalis, run directly into the v. 1. b. of the same side.
(Ungekreutz Vierhiigel-vorderstrangbahn).
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182 ORIGINAL ARTICLES AND CLINICAL CASES

The F'onto-spinal tracts.1—Brucke-seitenstrangbahn
Bruckevorderstrangbahn; Fissurenstrang (Tschermak) ; Un-
gekreutzes Pyramidseitenstrang-system; Gekreuztes abstei-
gendes Syst. aus dem mittl. und unteren Gentralkern ; Vor-
derseitenstrangreste der Mittelline (Held).

These tracts were discovered and their origin and
connections with the spinal cord partly described by von
Bechterew using the myelination method in 1885. A good
collective description of them is given by this author in
the last edition of his treatise. Another excellent descrip-
tion is that of Tschermak. Fusari has described the tracts
in man, degenerate after morbid lesions of the brain stem.

Separated as a crossed and an uncrossed system these
fibres descend into the cord from the large cells of the
reticular formation scattered from the medulla to the colli-
culus inferior, especially the nuclei centralis medius and
lateralis medius of Bechterew and the central and lateral
nuclei of Flechsig.

The mesial uncrossed system (Vorderseitenstrang-restes
der Mittellinie of Held) runs into the dorsal longitudinal
bundle, and can be traced as low as the conus teminalis
occupying the borders of the ventral fissure (Fissurenstrang
of Tschermak). They give many collaterals to the reticular
formation of the medulla and others to end in the ventral
horns of the spinal cord. (Uncrossed descending spinal
nervous system from the reticular formation (Barker),
Brucke-vorderstranghbahn of Bechterew.)

The crossed lateral system (Brucke-seitenstrangbahn of
Bechterew) has its origin chiefly in cells of the nucleus
centralis medius of Bechterew by fibres which immediately
cross the middle line, and coursing through the d. 1. b.,
turn caudally to lie between the d. 1. b. and the inner
limb of the facial; they then edge out into the olivo-resti-
form angle lying between the nucleus lateralis and spinal
fifth, and run in the fasciculus proprius lateralis throughout
the length of the spinal cord. In the cord the fibres lie

1 No name having been applied to these tracts in English, we venture to
use this term as equivalent to the German Brucke-seitenstrangbahn and
Brucke-vorderstrangbahn.
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DESCENDING MESENCEPHALIC TRACTS 183

somewhat scattered in the dorso-lateral part of the lateral
pyramidal field, mesial to the fibres of Monakow's bundle
and Gowers' bundle. They are said to terminate in the
central region of the gray matter.

The vestibulo-spinal tract.—The descending tract from,
Deiters's nucleus; Absteigende Kleinhirnbahn (Biedl).

This tract consists of large fibres which have their origin
in the cells of Deiters's nucleus, and also in the cells of the
upper vestibular nucleus of von Bechterew. From these
nuclei they take a curved course ventro-mesially, and
crossing the facial knee sink to the mesial side of the facial
nucleus and enter the fasciculus proprius lateralis medullaris.
The fibres are mixed with those of Monakow's bundle, the
ponto-spinal descending tracts, the antero-lateral spino-
thalamic fibres and those of Gowers' bundle. The vestibulo-
spinal fibres occupy however chiefly the mesial aspect of this
region. In the lower medulla the tract lies between the
nucleus lateralis and the remains of the anterior horn. In
the spinal cord they lie in the anterior root zone and extend
to the ventro-mesial angle of the ventral horn. They can
be traced to the lower lumbar cord ending in the ventral
horn of the same side.

This tract was first described by Held in 1890, and has
been developmentally studied by Obersteiner. These
authors gave the origin of the tract as above described.
Marchi, Biedl, Basilewsky and others found this tract
degenerate after hemi-extirpation of the cerebellum, and
referred its origin to that organ. Eussell showed that such
degeneration subsequent to cerebellar hemi-extirpation was
due to the coincident damage to Deiters's nucleus, and many
writers have since confirmed this view.

The central tegmental tract.—Fasciculus tegmenti cen-
tralis (Barker); Centrale-Haubenbahn (von Bechterew)
(Flechsig).

This tract was first described by von Bechterew, and sub-
sequently by Flechsig. The former has recently investigated
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184 ORIGINAL ARTICLES AND CLINICAL CASES

degeneration of this tract in man. It is one of the latest of
all tracts to acquire myelin and for this reason is easily
studied during development. It is a descending tract, but
its origin, probably thalamic, has not been definitely ascer-
tained. At the region of exit of the oculo-motorii it is fusi-
form in section and lies mesial to the nucleus ruber and out-
side the roots of the third nerve. At the level of the exit of
the fifth nerve its position is quite central in each lateral
half of the tegmentum; hence its name. The tract then
drops ventralwards as it descends, and comes to lie between
the inferior olive and the fasciculus lateralis proprius
medullse. Bechterew is alone in stating that it is continued
below the olive as the olivenstrang (Dreikentenbahn of
Helweg). " Abwiirts scheint sich die Centrale Haubenbahn
in der Olivenstrang des Ruckenmarks fortzusetzen." Other
writers, however, deny the unity of the Centrale Haubenbahn
with this triangular field.1

Descending fibres of the fillet.—Accessorische Schleife
(Bechterew) ; Lateral pontine bundle (Schlesinger).

Very little that is definite can be found in neurological
literature as regards centrifugal fibres in the mesial fillet.
That certain of its fibres acquire their myelin late (after
birth) suggesting centrifugal function has long been known
through the researches of Flechsig and von Bechterew.

Hoche has described fibres in two cases in man which
seem to have a definite course (the cases were thrombotic
hemispheric lesions). The fibres left the capsule and
occupied a position in the crus immediately lateral to the
pyramidal fibres. In the pons they leave relation with the
pyramidal fibres and coursing in a dorsal and mesial direction
run caudalwards in the middle fillet whence some of the
fibres pass to the nucleus facialis of the same and opposite
side; other fibres enter the interolivary layer and course to
the nuclei hypoglossi of the same and opposite side. Many
other observers have noticed descending degeneration in the

1 In a recent publication Bechterew has, however, stated that the
triangular tract arises on the surface of the inferior olive as the fasciculus
peri-olivaris.
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DESCENDING MESENCEPHALIC TRACTS 185

mesial fillet, but the course of the fibres has not been
definitely traced.

In both monkey and man lesions of the quadrigeminal
region have produced atrophy of the fillet and inferior olive
on the side of the lesion, but only after some time. It is
difficult to distinguish such secondary atrophy from primary
degeneration in pathological lesions when death occurs after
the lapse of a considerable time.

EXPERIMENTAL DEGENERATIONS.

Experiment 1.—Cat. Lesion on either side of the middle
line dividing the posterior half of the dorsal commissure, the
fountain crossway and part of Porel's crossway; the habenular
commissure was not divided.

Descending degeneration in both Monakow's bundles E. > L.,
both dorsal longitudinal bundles L. > E., the right ventral longi-
tudinal bundle. (Plate I.—V.)

The lesion was produced in an attempt to divide the
ventral part of the dorsal commissure, the fine cataract knife
being introduced in the middle line with the cutting edge
directed caudally, and the handle inclined strongly forwards.
By an accidental movement of the knife a double linear
lesion resulted, cutting a piece out of the posterior half of the
dorsal commissure and running deeply on either side of the
aqueduct along the mesial aspects of the caudal extremity of
the red nuclei. On the left side the line of section extended
to the interpeduncular space, on the right side to a point
midway between the aqueduct and ventral surface of the
mesencephalon lateral to the mid-line. The nuclei of the
oculo-motorius and radix descendens trigemini were ap-
parently not injured, each lesion lying external to the first
and internal to the second, for there was no degeneration of
the corresponding root fibres. The lesion did not involve
the nuclei trochleares. The lesions were very sharply
limited; there had been apparently little or no haemorrhage.

In front of the lesion degenerate fibres were seen crossing
in the lower part of the intact anterior half of the dorsal
commissure to end in the nucleus commissurae dorsalis. On
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186 OBIGINAL ARTICLES AND CLINICAL CASES

either side degenerate fibres ran forwards from the lesion to
end in the gray matter along the sides of the third ventricle.
The left fasciculus pedunculo-mamillaris was degenerate.
The fasciculus retroflexus of Meynert was not degenerate.
No degeneration was seen in the optic tracts, but a few
fibres of the posterior commissure entered the external
geniculate body on both sides.

Lateral to the lesions a few fibres passed outwards to end
in the nucleus centralis superior. Ventral to the aqueduct
no degenerate fibres were seen crossing the mid-line in front
of the level of the exit of the anterior fibres of the oculo-
motorius.

From the cut ends of the dorsal commissure many
degenerate fibres were seen coursing to the nucleus cent,
sup. and nucleus com. dorsalis and many fibres to the dorsal
longitudinal bundles on both sides. Fibres could be traced
from the dorsal commissure to the ventral longitudinal
bundle without any decussation below the aqueduct. Behind
these, fibres from the nucleus lat. superior and deep gray
matter of the superior colliculus crossed in Meynert's
decussation and apparently passed into Monakow's bundle
and the v.l.b. of the other side. No fibres were traced from
dorsal commissure to the nucleus ruber.

A few of the anterior rootlets of the outgoing oculo-
rnotorius were degenerate, but only the first two sections
showing these contained degenerate fibres.

In this region there was little or no degeneration in
Meynert's fountain crossway, but in Forel's crossway,
between the roots of the third nerve, were very many
thick degenerate fibres forming apparently a complete de-
cussation. These fibres commenced where the linear lesion
skirted the mesial aspect of the caudal extremity of the
nucleus ruber. The fibres crossing from right to left were
not so plentiful as were those crossing in the opposite direc-
tion (the lesion did not extend so far ventral on the right
side). Having crossed the roots of the third nerve, these
fibres turned caudalwards and lay dorsal to the mesial end
of substantia nigra, just outside the third roots, forming two
conspicuous bundles—Monakow's bundles, the right con-
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DESCENDING MESENCEPHALIC TBACTS 187

taining twice as many fibres as the left, that is, in crossed
relation to the more extensive lesion near the left red
nucleus. In the region of the inferior'colliculus these tracts
passed on to the dorsal aspect of the mesial fillet and,
edging outward in their course, came in relation with the
mesial aspect of the spinal root of the fifth nerve, and
passing to its ventral aspect maintained this position as
low as the second cervical segment. At the level of the
exit of the seventh nerve the tracts had a characteristic
position, lying ventro-mesial to the spinal fifth, immediately
external to the superior olive, and separated from the sur-
face of the medulla by the fibres of the trapezium. In the
lower medulla the fibres became somewhat separated and
lay in the dorsal part of the fasciculus lateralis proprius,
but some fibres came right down to lie immediately dorsal
to the inferior olive. In the cervical cord the fibres occupied
a fusiform area stretching from the mesial side of Gowers'
bundle to the middle of the dorsal horn, and caudal of this
region they were in the position of the lateral pyramidal
tracts and were traced to the lowest sacral region.

Fibres leaving the tract in the medulla ran external to
the spinal fifth and, passing through the restiform body,
ended in the inferior vermis.

The termination of the fibres in the ventral and lateral
horns was easily seen.

The dorsal longitudinal bundles contained many degene-
rate fibres, which occupied the dorsal and mesial parts of
each bundle. These fibres were traced from the dorsal
commissure. No fibres were traced across the fountain
crossway (the lesions were outside the nucleus oculo-
motorius). The degenerate fibres were large and the left
d.hb. much more degenerate than the right. The tracts
diminished in size considerably in the region of the sixth
nucleus and in the cervical region. They were traced to
the lower sacral region.

Comments.—The crossing and course of Monakow's
bundles were typical. The position of the lesion mesial
to the ventral end of the red nucleus more extensive on the
left side, coupled with the greater degeneration of the right
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188 ORIGINAL ARTICLES AND CLINICAL CASES

bundle, suggests the exit of the fibres from the ventral end
of the red nucleus. The origin of some of the fibres
appeared to be in the deep gray matter of the superior
collicular region, an origin which Held and Boyce suggested.

The crossed relation of the degeneration of the d.l.b. and
v.l.b. was striking.

Most of the fibres of the right v.l.b. seemed to come
from the region of the posterior commissure, and since the
tract was degenerated upon the right side only, it is possible
that they had their origin in the gray matter close to that
structure and correspond to Held's description of the non-
crossing ventral colliculo-spinal tract. The passage of fibres
from Monakow's bundle by the inferior peduncle to the
cerebellum has not, so far as we are aware, been hitherto
noticed.

It is worthy of note that notwithstanding the position
of the lesion the " Centrale Haubenbahn" was not de-
generated.

Experiment 2.—Cat. Sagittal linear lesion upon the right
side, extending from caudal end of soft commissure to a point
opposite the centre of the superior colliculus; it extended
vertically from the ventral limit of the aqueduct to the inter-
peduncular space lying immediately mesial to the right red
nucleus.

Degenerations below the lesion in the right dorsal longitudinal
bundle, left ventral longitudinal bundle, and left; Monakow's
bundle. Fibres crossing in dorsal commissure to the ventral
longitudinal bundle. (Plate VI.—VII.)

The lesion was produced in an attempt to cut the ventral
fibres of the dorsal commissure, the knife introduced verti-
cally in front of that commissure was tilted with the cutting
edge back, so that the lesion produced was most extensive
at its ventral limit, and viewed laterally was triangular in
shape with the apex at the place of entry of the knife into
the thalamus forward of the dorsal commissure on the left
side and the base extending from the soft commissure into
the region of Forel's decussation.

Some injury to the posterior part of the hemisphere on
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DESCENDING MESENCEPHALIC TRACTS 189

the left side caused degeneration of the left optic radiation
running into the left superior colliculus, and slight degenera-
tion of the left pyramidal tract.

In front of the lesion the fasciculus retroflexus of the
right side showed some degeneration and a good many
fibres ran forwards to end in the gray matter lining the
third ventricle on the right side, a few crossing to the
opposite side in Meynert's commissure.

From the outer side of the lesion many fibres crossed in
the dorsal commissure and ran caudalwards along the lateral
limit of the central gray matter on the left side, many fibres
being traceable into the nucleus centralis superior, while
fibres in a similar position ran caudalwards on the right side.

Those on the side for the most part ended in the nucleus
oculo-motorius, nucleus trochlearis and nucleus fasc. long,
dorsalis of the left side but some coursed ventro-mesially and
ran throughout the brain stem as fibres of the left ventral
longitudinal bundle. Those on the right side entered the
posterior longitudinal bundle and were traceable as far as the
sacral region of the spinal cord, occupying the most dorsal
limit of the anterior column against the white commissure.
From the inner side of the lesion in the neighbourhood of
the right red nucleus coarse fibres crossed in Forel's decus-
sation to occupy the position of Monakow's bundle on the
left side, this tract being in every way similar to those
described in the experiment 3. They were traceable as far
as the lower cervical region, below which they were indis-
tinguishable from the fibres of the pyramidal degeneration.

The fibres degenerate in the right posterior longitudinal
bundle occupied its dorso-mesial aspect. The degenerate
fibres of the left ventral longitudinal bundle had the typical
course described on p. 181. They were very large fibres always
somewhat scattered and, becoming much reduced in num-
bers in the region of the sixth nucleus and still further in
the medulla, were traced to the lumbar region occupying the
ventral border of the anterior median fissure.

The oculo-motor and trochlear nerve-roots, the left d.l.b.,
right v.l.b. and right Monakow's bundle showed no trace of
degeneration.
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190 ORIGINAL ARTICLES AND CLINICAL CASES

Comments.—The course of Monakow's bundle was typical
and the absence of degeneration in the right bundle points
to its fibres being entirely crossed.

The crossed relation of the degeneration of the d.l.b. and
v.l.b. was again striking.

The degenerate fibres of the v.l.b. presumably came from
the central gray matter close to the dorsal commissure as in
the last case. This is in agreement with Held's results.
The absence of degeneration in the " centrale Haubenbahn "
is striking for it is difficult to conceive that it escaped injury
on either side.

Experiment 3.—Ehoesus Monkey. Lesion in right superior
colliculus and passing obliquely caudalwards, ventralwards and to
the left, dividing Meynert's and in part Forel's decussation,
damaging the nuclei oculo-motorii and trochleares and left red
nucleus.

Degeneration below the lesion in both Monakow's bundles
R. > L. reaching throughout spinal cord ; right radix descendens
trigemini, R. and L. dorsal longitudinal bundles and R. and L.
ventral longitudinal bundles, and in both third and fourth
nerves. (Plate VIII.—XII.)

The lesion was produced in the attempt to divide
supposed fibres coming into the B. oculo-motor nucleus
from the midthalamic region. A puncture, intended to be
vertical with the blade of the knife transverse to the lines
of the brain stem and a slight cut to the right, was made.
The lesion was linear, transverse and localised. Boughly
triangular in transverse section with apex above it extended
from the centre of the K. sup. colliculus on its dorsal
surface to the outer side of the left red nucleus crossing, the
II. side of the central gray matter, touching the aqueduct at
its ventral border, involving both third nuclei, both fourth
nuclei, the left red nucleus and crossing Meynert's and
Forel's decussations transversely, did not extend ventrally
into the substantia nigra. The extent of the lesion in the
direction of the length of the brain stem was very slight.
The posterior commissure was not divided.

The section (fig. 1) through the anterior thalamic
region shows no sign of lesion or of degeneration except in
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DESCENDING MESENCEPHALIC TRACTS 191

the internal capsule on the lateral side, due to accidental
lesion of the hemisphere.

A section just below the thalamus (fig. 2), which
reveals the fasciculus retroflexus in the greater part of its
course, shows degeneration in the internal capsule of the
lateral side, and also some degenerated fibres in the sub-
thalamic white matter on the contralateral side running
outwards horizontally in the position of the ansa lenti-
cularis.

Sections passing through the posterior commissure and
through the commissure habenulse show no definite lesion,
but the red nucleus on the contralateral side appears to be
slightly damaged, and a few very fine fibres run from it in
a dorso-lateral direction and quickly disappear.

In the posterior commissure a very few fibres are seen
to be degenerated, some of them running out laterally into
the white matter of the anterior corpus quadrigeminum on
either side, others curving ventralwards in the direction of
the median line and the red nucleus.

The degeneration in the pes pedunculi of the lateral side
is still seen.

Degeneration is seen at the level of the superior colliculus
in both tegmental decussations and in the oculo-motor nerve
roots. In this region, too, there are a few degenerated
fibres passing across the median line dorsal to the aque-
duct.

Figure 3 represents a section through a lower part of
the quadrigeminal region and through the decussation of the
brachia conjunctiva. Degenerated fibres are seen in the
descending root of the fifth nerve on the lateral side, in both
dorsal longitudinal bundles, in both ventral longitudinal
bundles and in a bundle of fibres henceforward to be called
"Monakow's bundle," which is spreading out laterally on
the dorsal surface of the fillet on either side. Comparing
the two Monakow's bundles, one finds rather more degene-
rated fibres on the lateral side than on the contralateral
side, due, probably, to the greater damage to the contra-
lateral red nucleus.

At the decussation of the fourth nerve (fig. 4), Mona-
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kow's bundle is seen to have taken up its position in the
bend of the lateral fillet and to lie just ventral to the lower
end of the brachium conjunctivum.

This position is maintained in the upper part of the
pons (fig. 5). A section taken at the level of the trigeminal
nerve figures the degenerated descending root of the fifth,
leaving its central position to reach the surface, passing
through the bend of the fillet and leaving Monakow's bundle
in the ventral angle which it forms with that structure
(fig. 6). The dorsal and ventral longitudinal bundles are
still quite distinct and the degenerated fibres in the pyramid
of the lateral side are plentiful.

In the lower section (fig. 7), which is rather oblique
and cuts the eighth nerve on the lateral and the seventh
nerve on the contralateral side, Monakow's bundle is seen
in its relation to both, and to the superior olive and spinal
root of the fifth nerve. It lies just medial to the outgoing
facial root, just ventral to the trapezium and is bounded on
its internal surface by the superior olive. Below the facial
nerve the external boundary is formed by the spinal
trigeminal root (fig. 7). In the same section the dorsal
and ventral longitudinal bundles are seen to be more diffuse
and less well-defined.

In fig. 8 Monakow's bundle is seen on either side
occupying a part of the olivary-restiform angle and is
indistinguishable in its position from Gowers' tract at that
level.

At the decussation of the fillet (fig. 9) the dorsal and
ventral longitudinal bundles form a rather more compact
mass; Monakow's bundle maintains its relation ventral to
the spinal root of the fifth nerve.

The course taken by the dorsal and ventral longitudinal
bundles in reaching the anterior columns of the cord is well
seen in fig. 10 where some pyramidal decussation is taking
place. In the same figure the relation of Monakow's
bundle to the direct cerebellar tract is represented.

The result of the pyramidal decussation is to force
Monakow's bundle further anteriorly and to destroy its
immediate relationship with the spinal trigeminal root
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(fig. 11). All the degenerated fibres in the anterior columns
now lie close alongside the median fissure.

Figures 12—14 represent sections of the cord taken in
the cervical, mid-dorsal and lumbar regions respectively,
and serve to show the relation of Monakow's bundle to the
crossed pyramidal tract at the various levels of the spinal
cord. It will be seen at once that it is only in the cervical
region that the relative positions of these two tracts are at
all easily distinguished owing to the characteristic shape of
Monakow's bundle in this part. It seems to arise out of
the middle of the crossed pyramid and to spread forwards in
a sort of wedge, the apex of which reaches the surface of
the cord in the anterior root zone region.

Monakow's bundle does not maintain this shape in the
dorsal, lumbar and sacral regions of the cord, but is more
incorporated with the crossed pyramid, appearing only as an
anterior bulging of that tract.

In the sacral region (fig. 15) the number of fibres in the
postero-lateral column of either side seems to be about equal,
and these lie very near to the posterior root zone, a result
which is probably due to the disappearance of most of the
pyramidal fibres and the displacements dorsalwards of the
fibres of Monakow's bundle.

Comments.—The degeneration in this experiment demon-
strates the crossing of the fibres of Monakow's bundle and
of the ventral longitudinal bundle in the tegmental decussa-
tions.

The greater degeneration in the Monakow's bundle on
the side crossed to the lesion of the red nucleus suggests
that these tracts are entirely crossed. The relation of these
bundles to the radix descendens trigemini is well shown.

The fibres from the region of the dorsal commissure to
the ventral longitudinal bundle of the same side again
support Held's argument of uncrossed colliculo-spinal fibres.

Experiment 4.—Bhoesus monkey. Lesion in a sagittal direc-
tion to the right of the middle line extending from the soft
commissure to the upper limit of the inferior colliculus.

The dorsal and habenular commissures were divided and the
fasciculus retroflexus of the right side was involved.

VOL. XXIV. 13
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Descending degeneration in the fillet as far as the medulla on
both sides, in both descending trigeminal roots, in both dorsal
longitudinal bundles and both ventral longitudinal bundles.
(Plate XIII.—XIV.)

The lesion was produced in an attempt to divide the
posterior commissure. The knife had entered obliquely at
the middle of the soft commissure to the right of the middle
line, and a linear lesion resulted which divided structures
dorsal to the aqueduct on the right side and crossing the
aqueduct from right to left had divided structures ventral to
the aqueduct on the left side. The right fasc. retroflexus
was injured, the dorsal and habenular commissures were
completely severed to the right of the middle line. The
line of the lesion entered the aqueduct and reached the
third nuclei; from this point some damage, probably from
haemorrhage, extended ventrally and to the right into the
nucleus lateralis superior and deep gray of the superior
colliculus. The fourth nuclei were injured on both sides,
but the lesion did not extend so far ventrally as the dorsal
longitudinal bundles. Neither Meynert's nor Forel's cross-
ways were damaged. The last trace of the lesion was seen
in sections still showing the fountain crossway in the
position of the right fourth nucleus.

Figure 1 is drawn from a section taken through the
middle commissure showing the anterior end of the lesion.
The only degenerated fibres at this level are those in the
ansa lenticularis of the lateral and those in the internal
capsule of the contralateral side.

The fasciculus retroflexus of the lateral side has been
badly damaged by the lesion and many degenerated fibres
are seen running towards its caudal extremity (fig. 2).

Figure 3 shows the destruction of the posterior and
habenular commissures. From either side of the posterior
commissure spring degenerated fibres, some of which run
out laterally in the direction of the upper fillet, whilst others
take a curved course ventralwards and either decussate in
the mid-line or end in the neighbourhood of the red nucleus.
Those fibres which run into the upper fillet are much more
plentiful on the lateral than on the contralateral side.

An extension outwards of the lesion on the lateral side
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of the Sylvian aqueduct in the superior quadrigeminal region
increases the number of degenerated fibres coming from
that side and entering into the formation of Meynert's
decussation (fig. 4). At this level degeneration is seen in
both dorsal longitudinal bundles, but more marked in that
of the lateral side. The fibres of the fillet are seen sweeping
round in a ventral direction; numerous on the lateral,
scanty on the contralateral side. Both third nerves and the
contralateral pyramid are degenerated.

Figure 5 represents a section taken through the decussa-
tion of the brachia conjunctiva. Here it will be seen that
the fibres of Meynert's decussation have now turned caudal-
wards and lie just ventral to the dorsal longitudinal bundles.
These are the fibres of the ventral longitudinal bundles and
rapidly take a more ventral position, running, as they do so,
amongst the decussating fibres of the superior cerebellar
peduncles. At this level degeneration of both descending
trigeminal roots is noticed and from each a few fibres appear
to spring and run out in a ventro-lateral direction. The
degenerated fillet fibres do not take identical positions on
either side, those on the lateral side turning caudalwards
earlier and at a greater distance from the mid-line than
those on the contralateral side. The lowest end of the
lesion is seen in the same figure in the shape of slight
damage to the ventral wall of the aqueduct.

At the decussation of the fourth nerves (fig. 6) the ventral
longitudinal bundles have taken up the position which they
maintain to the lower end of the pons.

Figure 7 represents the degenerated descending tri-
geminal roots making their way to the surface to join the
main nerve-trunk.

In the medulla (fig. 8) the ventral and dorsal longitudinal
bundles have become more or less fused. The fillet fibres
on either side have become scattered and no longer consti-
tute a compact bundle; some are seen in the reticular
formation and some hug the dorsal and lateral aspect of the
inferior olives. On the contralateral side there are a few
degenerate fibres belonging to the pyramidal system which
lie lateral to the main pyramidal mass, and these fibres can
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be traced into the cervical cord in an uncrossed path (see
figs. 9 and 10).

At the level of the decussation of the fillets the fibres
belonging to the longitudinal bundles sink further ventral-
wards and are forced into a more lateral position by the
decussation. Tracing these fibres into the cervical cord
(fig. 10), it will be noticed that on the contralateral side
more fibres remain near the lip of the anterior median
fissure; these may be supposed to belong to the ventral
longitudinal bundle system, whilst the fibres which have
sunk deeply along the margin, being more numerous on the
lateral side, are probably continuous with the dorsal longi-
tudinal bundles.

Fibres in both these positions can be traced in decreasing
numbers down to the lumbo-sacral region of the cord.

Below the decussation of the pyramid a few degenerated
fibres are to be found in the postero-lateral region of the
contralateral side, and these undoubtedly are uncrossed
fibres from the degenerate pyramid above.

In figs. 10 and 11, taken respectively from sections in
the cervical and sacral parts of the cord, degenerated fibres
belonging to a root system appear in the posterior columns.
For some unknown reason, degeneration of one or more
posterior roots at the lower extremity of the cord has taken
place, and the fibres can be traced through their entire course
upwards into the posterior column nucleus of the lateral
side.

Comments.—The degeneration of the fillets seemed to
correspond with the lateral expansion of the lesion in this
animal as compared with the other experiments. As regards
the ventral longitudinal bundles, the same remarks apply in
this as in the other cases.

Experiment 5.—Cat. Lesion of right optic thalamus limited
between soft commissure and dorsal commissure; not reaching
wall of ventricle and not destroying corpus subthalamicum.

Degeneration behind lesion in post commissure, and in a.
bundle lying immediately ventro-lateral to the dorsal longitudinal
bundle of side of lesion and extending into the medulla and spinal
cord, in stratum opticum and in upper fillet. (Plate XV.)
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The lesion was produced in an attempt to divide the
frenulum habenulse of the right side by puncture through
the corpus callosum. There was a somewhat rounded
haemorrhage measuring 5 mm. transversely and 3 mm.
vertically (the puncture mark in the surface of the thalamus
was midway between the soft and dorsal commissures); it
involved chiefly the anterior part of the red nucleus and
region immediately external to this. From a slight injury
to the left marginal convolution some fibres of the left
pyramidal system were degenerate. In front of the lesions
some degenerate fibres ran outwards, forwards and down-
wards, and ended in the right corpus Luysii, others running
into the right ansa lenticularis ; many ran outwards and into
the right optic radiation. The optic tracts, Vicq D'Azyr's
bundle and Meynert's bundle and commissure, with the
ganglion habenulae, were normal.

From the mesial aspect of the lesion a few fibres crossed
the dorsal commissure and immediately disappeared in the
neighbouring gray matter.

From the caudal limit of the lesion a copious stream of
degenerated fibres ran back, and in sections still showing
the dorsal commissure were seen to divide into three groups,
"A" entering the stratum opticum of the superior colliculus,
" B " entering the region of the fillet, " C " forming a com-
pact bundle at some distance ventro-lateral to the Sylvian
aqueduct.

Group "A," composed of very coarse fibres, gradually
broke up and disappeared in the stratum opticum. Group
" B , " composed of numerous very fine fibres, lost many fibres
in the region of the red nucleus and substantia nigra, and
entered the right mesial fillet. Dropping ventrally in their
course and gradually thinning out, these fibres were no
longer traceable at the level of the exit of the trigeminus.

Group " C " formed a most conspicuous and compact
bundle of large fibres which coursed caudalwards, main-
taining a constant position ventro-lateral to the right dorsal
longitudinal bundle. (There were no degenerate fibres in
either d.l.b.) This tract was everywhere quite separate
from the d.l.b. and from the ventral longitudinal bundle.
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The fibres became much reduced in number but not in size
below the level of sixth nucleus. In the lower medulla the
fibres lay on either side of the middle line, having a position
between those of the d.l.b. and the v.l.b. and lateral to both.
They entered the anterior column of the cord with these
tracts, reduced in number below the decussation of the
pyramid to about six coarse fibres, some of which were
traced to the lumbar region of the cord. With the excep-
tion of the slight degeneration of the left pyramid, which
was traceable to the sacral region, no other degeneration
was found in the nervous system.

Comments.—The degeneration of the fillet fibres very
intense at first and rapidly diminishing caudally, none being
traceable into the medulla, was striking. They apparently
ended in the nuclei pontis. We have not been able to find
any mention of such fibres in the literature.

The fibres of group " C " were certainly thalamic in
origin and held a straight course. They were certainly not
fibres of the Haubenbahn. Nor from their course and ter-
mination did they appear to belong to the group of the
mesial fillet.

In sections of the pons they at first sight appeared to be
part of the ventral longitudinal bundle. They did not arise
in the gray matter of the superior colliculus and do not
therefore correspond with Held's uncrossed tecto-spinal
fibres. The tract was apparently an uncrossed descending
thalamic tract, to the ventral columns of the cord.

PATHOLOGICAL DEGENEBATIONS.

Case 1.—Tumour involving almost the whole of the dorsal
two-thirds of the mesencephalou in the region of the superior
colliculus involving the pulvinar thalami and the left capsule.

Degeneration below the lesion in the left pyramid; both central
tegmental tracts, both Monakow's bundles, both brachia con-
junctiva E. > L.; both descending roots of the fifth nerve and in
both mesial fillets L. > E. (Plate XVI.—XVII.)

Clinical abstract.—B.M., aged 15 years, admitted into
the National Hospital on July 6, 1900, under the care of Sir
William Gowers.
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Total duration of symptoms one year.
Chief symptoms: Right hemiparesis, total hemian-

aesthesia to all forms on right side; right knee-jerk absent,
complete incontinence of sphincters, ocular palsies. Blind-
ness from consecutive optic atrophy.

Anatomy.—The tumour was strictly limited and hard in
consistence with many recent haemorrhages in its substance.
It was a granuloma perhaps of tuberculous nature. It
involved the left thalamus and left internal capsule, slightly
the right thalamus. Its upper limit in the thalamus was the
soft commissure. A tongue of growth extended into the left
tegmental region as low as the lower part of the inferior
colliculus. A section at the level of the anterior part of the
superior colliculus showed that the growth involved the
whole mesencephalon at that level, except the right pyramid
and substantia nigra and a portion of the ventro-lateral
region on the left side and the commencement of the crossing
fibres of the pons. In the first section below the main lesion
clear of the " traumatic degeneration " the left pyramid was
intensely degenerated and the degenerate fibres showed signs
of having been more recently affected than those of the other
tracts about to be described. The pyramidal degeneration
as regards its course, decussation and termination showed no
peculiarity. Both superior cerebellar peduncles showed a
great many degenerate fibres K. > L. which were traced to
the interior of the dentate nucleus and to the cortex of the
lateral cerebellar lobes. Both fourth nerves and both des-
cending roots of the fifth nerve were degenerate and showed
no peculiarity worthy of special mention. The dorsal
longitudinal bundles and ventral longitudinal bundles were
much degenerated and of the former chiefly its dorsal and
mesial fibres. The v.l.b.'s were conspicuously distinct with
their passage into the anterior columns of the cord where
they mixed with the d.l.b.'s and anterior pyramidal degene-
ration. They were situated some little distance lateral to
the raphe and sank farther and farther from the d.l.b.'s in
their course caudalwards. The fibres were easily dis-
tinguishable from the fibres of the degenerate fillets in the
inter-olivary layer by their being much larger. Both
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Monakow's bundles were degenerated and their course so
closely resembled that already described in the cat and
monkey that it is sufficient here to describe certain im-
portant points only. The decussation of these fibres in
Forel's decussation was plainly seen. From the exit of the
facial nerve to the second cervical segment these tracts kept
much more closely to the ventro-mesial aspect of the spinal
fifth and did not reach the surface in the olivo-restiform
angle nor spread downwards to the inferior olive. In the
region of the decussation of the pyramids they were situated
far more dorsally and deeper than in the cat and monkey
and were ventral to the substantia gelatinosa. When the
pyramid had crossed the tracts had the form of an elongated
equilateral triangle with narrow base on the surface of the
cord and apex touching the outer surface of the lateral
pyramidal tract. Below this the tracts became fusiform
and the external point of the spindle turned forwards to the
ventral root region. The fibres were not distinguished from
the crossed and contra-lateral pyramidal degeneration below
the fifth cervical segment.

The fibres were large but few in number. It is possible
that on account of the age of the degeneration much of the
Marchi reaction had been lost. (Indeed specimens of this
case mounted in the ordinary way showed little or no trace
of any degeneration except the pyramidal an hour after they
were mounted, but only a dark cloud. This was obviated by
rapid clearing, mounting uncovered on a glass plate in hot
thick balsam and drying rapidly in hot air. Hamilton's
modification of Heller's method for fixing old degeneration,
combined with rapid desiccation of the balsam was also
used.)

The left mesial fillet showed many degenerate fibres, a
few only being present in the right mesial fillet. The former
descended into the left half of the interolivary layer, where
many entered the stalk of the left inf. olive, and some
crossing the raphe entered the right inf. olive. Many of
these fibres passed downwards and disappeared in the region
of the pyramidal decussation. Some of them crossed in the
fillet decussation, and were traceable into the region of the
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dorsal column nuclei. None were traced into either lateral
column of the cord. The degenerated fibres in the right
fillet had a similar course. Next to that of the left pyramid
the most conspicuous degeneration was that of the " Centrale
Haubenbahn " on either side. At the level of the posterior
part of the decussating brachii two large fusiform areas of
degeneration were visible, plainly showing to the naked eye
in the degenerate decussation the long axis, vertical and
reaching on either side from the d.l.b. almost to the mesial
fillet. Traced upwards into the region of the lesion the
right tract was not obscured by the lesion for some distance
and lay immediately mesial to the hinder end of the red
nucleus and above a conspicuous degenerated Monakow's
bundle.

Traced downwards the tracts kept close and mesial to
the uprising brachia, and at the level of the fourth decussa-
tion formed the " star " to the crescentic outline of each
brachium ; the central position of the tracts in each lateral
half of the dorsal brain stem which led Bechterew to
name the tract " Centrale Haubenbahn " was conspicuous.
Immediately below this level each tract sank sharply down
and ran as a large round bundle close dorsal to the middle of
the mesial fillet, and where the latter structure began to
break up in the interolivary layer it crossed ventro-laterally
and lay first close dorsal and then external to the inferior
olive. The fibres could be traced round the sheath of the
olive and between this and the pyramid, much reduced in
numbers, and appeared to end in the olive.

Comments.—This case is interesting from the association
of complete hemiansesthesia to all forms with a lesion com-
pletely destroying one half of the tegmental region. The
important points in connection with the degenerations below
the lesion are :—(1) The presence of Monakow's bundles,
their decussation in Forel's crossway, and their course and
terminations being identical with the same tracts described
in the lower animals; (2) The presence of the central teg-
mental tract in man and its termination in great part in the
inferior olive ; (3) The separation of the ventral longitudinal
bundles as distinct and well marked tracts ; (4) The des-
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cending degeneration in the mesial fillets and in the brachia
conjunctiva.

Case 2.—Abscess of the tegmental region, anterior limit at the
foramen of Monro. Posteriorly reaching into the superior medul-
lary velum as far as the commencement of the vermis. Involving
chiefly the left corpus subthalamicum and left quadrigeminal
region. At the level of the upper part of the pons the whole of
the mesencephalon dorsal of the mesial fillet was destroyed.

Degeneration in a tract on either side, running from the
superior medullary velum to Deiters's nucleus.

Degeneration of both dorsal longitudinal bundles, both ventral
longitudinal bundles, both central tegmental tracts, both brachia
conjunctiva, both descending trigeminal roots, both Monakow's
bundles, and in both mesial fillets, and (slight) in both pyramids.

Marked atrophy of the left inferior olive. (Plate XVIII.—
XIX.)

Below the thalamic region the abscess cavity was con-
fined entirely to the tegmental region, and posteriorly spread
into the superior medullary velum, pressing the superior
cerebellar peduncle ventral wards. Its posterior limit was
on tbe left side in the roof of the fourth ventricle.

The pyramidal degeneration was slight and was more
marked upon the left side. The central tegmental tracts
were first seen ventral to the lesion and mesial to each
distorted superior brachium. They descended to the dorsal
aspect of each mesial fillet, and in this position each had the
form of a large round bundle. They then dropped ventral-
wards at the commencement of the interolivary layer to
course round the external and then the ventral aspect of the
inferior olive, and were lost in the interolivary layer im-
mediately dorsal to the pyramids. The fibres of these tracts
were very fine. No connection of these tracts with the
triangular field could be made out.

The degenerated fibres in the mesial fillet descended, after
giving off many fibres to the region of the facial nucleus, into
the interolivary layer, and many fibres entered the inferior
olive; other fibres were traced across the fillet decussation
to the posterior column nuclei.

The course of the degenerated fibres of Monakow's
bundle was typical. In sections taken rather obliquely
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through the pons, the dorsal limit of the section being some
distance in front of the ventral limit, the central tegmental
tract and Monakow's bundle were seen on each side, their
fibres running in the plane of the section parallel to one
another as they descended to the olivo-restiform angle, the
two tracts enclosing the superior olive and nucleus facialis.
The contrast of the coarse fibres of Monakow's bundle and
the fine fibres of the central tegmental tracts was very
striking.

In the fasciculus proprius lateralis medullse these two
tracts occupied the ventral limit and the dorsal limit of this
region respectively, the central tegmental tract lying in
contact with the olive, and Monakow's bundle being situated
immediately ventral to the spinal root of the fifth.

In the cord Monakow's bundle took the form of a fusi-
form area, stretching in a dorso-mesial direction deeply into
the lateral column from the lateral limit of the anterior
roots. Below the upper dorsal region the fibres were
blended with the few degenerate fibres of the lateral pyra-
midal tract.

The dorsal and ventral longitudinal bundles were distinct
as far as the fillet decussation, and were followed to the
sacral region lying on either side of the ventral fissure.

Traceable directly out of the posterior part of the lesion
in the superior medullary velum, a well-marked band of
fibres ran ventrally and caudally along the mesial aspect of
each superior cerebellar peduncle, lying between this and
the ependyma. These tracts were traceable directly into
Deiters's nucleus where they broke up and ended. None of
these fibres could be traced into the region of the nucleus of
the vagus.

Comments.—This case serves to demonstrate Monakow's
bundle and the central tegmental tracts as tracts which
degenerate downwards in man, in lesions of the mesence-
phalon. The localised lesion of the valve of Vieussens, with
a tract of degeneration on either side running thence to
Deiters's nucleus, is of interest. These tracts are very con-
spicuous in transverse sections of the pons of infants stained
by Pal's method. They have been studied developmentally
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by Kolliker and by Edinger, using degeneration methods,
in both man and the higher vertebrates. They are described
as having their origin in the nucleus fastigii and possibly
also in the nucleus embolifornaus and nucleus globosus, and
as running on one hand to the nucleus of Deiters, on
the other hand to the nucleus vagi. Kolliker's investiga-
tions by Golgi's method suggest, however, that some of the
fibres of these tracts have their origin in the nucleus vagi
and in Deiters's nucleus and ascend to the roof nuclei of the
cerebellum.

Case 3.—Tumour of the pons extending from the region of the
inferior colliculi to the junction of the pons and medulla, more
extensive upon the left side.

Descending degenerations in both pyramids L. > B.; in the
left mesial fillet and central tegmental tract; left fasciculus
proprius lateralis of the medulla; in both dorsal and the right
ventral longitudinal bundle; left spinal trigeminal root. Atrophy
of the left inferior olive. (Plate XX.)

Clinical abstract.—R. D., aged 42 years, admitted into
the National Hospital, under the care of Dr. Ormerod, on
March 19th, 1901. Duration of symptoms ten months.
Course of symptoms. Numbness of right hand and leg, right
hemiplegia; numbness of left hand, paresis of left hand;
complete bone deafness of left ear; left fifth, sixth and
seventh nerve palsies; dysphagia and dysarthria. (The
left leg had been amputated.)

The tumour was a glioma which had undergone degener-
ation and it contained many haemorrhages. It implicated
almost the whole of the left half of the pons from the inferior
colliculus to the upper end of the inferior olive, and it ex-
tended across the middle line in the middle pontine region.

The degeneration of the left pyramid presented no
peculiarity. The degeneration in the right pyramid was
entirely confined to the outer third of the pyramid in the
medulla; these degenerate fibres crossed entirely at the
decussation and occupied a position in the lateral column
close to the dorsal horn. The spinal fifth was traced to the
upper part of the third cervical segment. The central
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tegmental tract was first recognisable lying above the mesial
fillet and had a characteristic course round the olive. It was
traced between the pyramid and olive, losing many fibres on
the latter, and some of its fibres seemed to end by entering
the hilum of the inferior olive, and possibly some crossed
the middle line to enter the contralateral inferior olive.

The degenerated fibres of the fillet in part entered the
inferior olive, but most of them crossed in the fillet decus-
sation and ended in the region of the posterior column
nuclei. The degeneration of the right ventral longitudinal
bundle was distinguishable from that of the dorsal longi-
tudinal bundle as far as the decussation of the pyramids and
the degeneration of these tracts was traced to the lowest
sacral region lying on either side of the ventral fissure. The
degeneration of the fasciculus proprius lateralis medulla
occupied the dorsal part of the olivo-restiform angle, ventral
to the degenerate spinal root of the fifth. In the spinal cord
this degeneration was arranged as a band of scattered fibres
stretching from the anterior column degeneration to the
outer limit of the anterior roots, and continuous with this a
copious wedge-shaped area of degeneration with base at the
surface of the cord dorsal to the anterior root, and apex
stretching into the crossed pyramidal tract. This degenera-
tion in the antero-lateral region was traced in this position
to the lumbar region.

Comments.—The degeneration in the fasciculus proprius-
lateralis medullas was probably made up of Monakow's
bundle, the lateral ponto-spinal tracts, and the vestibulo-
spinal tract. The distribution of these fibres on reaching
the spinal cord was that of the vestibulo-spinal tract
(Eussell) and Monakow's bundle. The termination of the
central tegmental in the triangular area of Helweg was
most certainly not present.

Case 4.—Tumour of the pons and upper medulla with practic-
ally complete destruction of the lower pons ; the left pyramid
and the left inferior olive being the only recognisable structures
in sections stained by Heller's method.

Degeneration in both ventral columns, both antero-lateral
columns, both lateral columns; the direct cerebellar tract and
Gowers' tract alone escaping. (Plate XXI.)
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Clinical abstract.—M. S., aged 5£ years, admitted into
the National Hospital, under Dr. Ferrier, on September 7,
1900. Duration of symptoms nineteen months. Course
of symptoms: Diplopia, right hemiplegia and hemiataxy ;

paralysis of the left fifth nerve; incontinence of urine ; optic
atrophy ; complete flaccid paraplegia; loss of deep reflexes.

The growth was a hard glio-sarcoma. It extended from
the level of the exit of the fifth nerve to the middle of the
inferior olives. Its sagittal extent was much greater upon
the left side. At the level of the junction of the pons and
medulla it involved almost the whole transverse section of
the brain stem.

In the cervical region of the spinal cord almost the whole
of the anterior and lateral columns were degenerate, with the
exception of the regions occupied by the direct cerebellar and
•Gowers' tracts, some fibres of the anterior column around
the median fissure, and some fibres round the gray matter of
the ventral horns. The regions of the pyramidal tracts and
antero-lateral descending tracts showed much old degenera-
tion by the Marchi method, and the degeneration was still
more striking in sections stained by Weigert's method and
van Gieson's method. There was some degeneration in all
the anterior roots of the cervical region.

In the other regions of the spinal cord the degeneration
occupied the same positions, but became less extensive in
lower regions of the cord ; it was traced to the lowest sacral
region. In the sacral and lumbar regions there was marked
degeneration of the posterior roots (not figured).

Comments.—The maintenance of life, even of a merely
vegetative nature, was remarkable, considering the extensive
nature of the lesion, which apparently amounted to a total
"transection of the brain stem at the junction of pons and
medulla. The degeneration was very great in the ventral
and lateral columns, and practically only in the ascending
tracts and in the region of the short internuncial fibres round
the gray matter, were normal myelin sheaths to be seen,
and consecutive sclerosis had altered the shape of the
spinal cord ; the ventral regions being much thinned. The
degeneration of the anterior roots in the cervical region
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was interesting. It does not seem probable that it was of
the nature of a degeneration from disuse, for we have failed
to find any such degeneration below the lesion in cases of total
transverse lesions of the spinal cord, even when life has been
prolonged for many months after such injury. It is possible
that this degeneration of the ventral roots is of the same
nature as the degeneration of the posterior roots, which fre-
quently occurs in connection with intracranial tumours.
Both the intramedullary and extramedullary roots were
degenerated. There was in this case much recent degene-
ration of the posterior roots, and this was most marked
in the sacral region. This has not been inserted in the
diagram.

Case 5.—Tumour of left centrum ovale, involving the left
internal capsule. A localised patch of recent softening was
present in the superior collicular region, involving the nucleus
lateralis superior, the upper part of the substantia nigra, the upper
fillet, and, slightly, the outer side of the red nucleus on the left
side. A small haemorrhage was present in the posterior inferior
part of the left inferior colliculus.

Degeneration below the lesions in the left pyramidal tract,
accessory fillet, and mesial fillet.

From the lesion in the inferior colliculus a large fibred tract
descended, having a dorso-lateral situation in the pons and
medulla, and in part, joining the pyramid at the decussation,
appeared to run as a ventro-lateral tract in the cord.

G. B., aged 54 years, was admitted into the National Hospital
under the care of Sir William Govvers. Duration of symptoms
eight weeks. No symptoms present till eight weeks before death,
when a sudden attack of right hemiplegia and aphasia occurred.
A second attack ten days later. No optic neuritis, headache, nor
vomiting. No hemianaesthesia. Deep reflex increased. (Plate
XXII.—XXIII.)

The tumour was a large soft glioma with much softening
and haBrnorrhage in its substance. It involved the whole
thickness of the central part of the internal capsule, but the
anterior part of the anterior limb and the posterior part of
the posterior limb escaped. A recent softening was present
in the left mid-brain at the level of the outgoing third nerve,
involving the region of the upper fillet, the outer part of the
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nucleus lateralis superior and nucleus ruber, and the upper
part of the substantia nigra. A recent haemorrhage was
present, involving the left lateral fillet in the angle between
the left superior brachium and left mesial fillet.

The degeneration of the left pyramidal fibres occupied
the middle two-thirds of the eras. At the decussation of
the pyramid well-marked ventral and lateral homolateral
bundles were present, and a ventral crossed bundle was
present.

Conspicuous in sections of the upper part of the mid-
brain was a large bundle of fibres lying in the concavity of
the left crus, between this and the substantia nigra (accessory
fillet). This bundle rose above the most lateral fibres of
the crus in its descent and on entering the pons left rela-
tion with the pyramidal fibres and entered the mesial fillet,
some of the fibres lying in layers between this structure
and the pyramidal bundles. In the pons many of these
fibres were seen coursing ventrally, apparently to enter the
pyramidal bundles, others ended in the nuclei faciales and
hypoglossi of the same and of the opposite side, others
descended into the interolivary layer and apparently entered
the left pyramid.

Distinguishable from the accessory fillet fibres were other
degenerate fibres in the mesial fillet traceable from the
lesion in the quadrigeminal region. These were followed
into the interolivary layer of the left side.

From the lesion in the region of the left lateral fillet a
well-marked band of large fibres was traced downwards,
having a straight course through the lateral region of the
pons in the upper part of its course lateral to the superior
brachium below lateral to the restiform body. It reached
the surface of the medulla at the level of the exit of the
tenth nerve where it lay on the dorso-lateral surface of the
restiform body as a very compact triangular tract with the
base on the surface. In the lower medulla these fibres ran
sharply downwards over the surface of the lateral column
to the antero-lateral region.

Comments.—This case exemplifies very well the four
tracts into which the pyramid splits at the decussation
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PLATE I.

Cat. Division of dorsal commissure, Meynert's decussation and Forel's de-
cussation in part. Degeneration below the lesion in both Monakow's bundles,
R. > L. ; both dorsal longitudinal bundles, and in the right ventral longitudinal
bundle. Projection drawings.
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PLATE VI.

Cat. Sagittal linear lesion of mesenoephalon to the right of the middle line.
Degeneration below the lesion in right dorsal longitudinal bundle, left ventral
longitudinal bundle and in the left Monakow's bundle. Projection drawings.
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PLATE VIII.

p.c.
B.C.

D.V.

M.B.

D.V. an.

A.V.

N7.

N 4 .

Monkey. Lesion in R. superior colliculus running obliquely into region of left
red nucleus. Degeneration in both Monakovv's bundles, in both dorsal and ventral
longitudinal bundles, in the right descending root of 5th nerve, and in one pyramid.
Projection drawings.
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PLATE IX.
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PLATE XII.

FIG. 12.
sa?rae. Plwtographic reproductions.
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PLATE XIII.

M.C.

O.V.

3 6
Monkey. Lesion extending from soft commissure backwards to the inferior

colliculus, dividing the posterior commissure and destroying much of the gray
matter around the Sylvian aqueduct. Degeneration in both dorsal and ventral
longitudinal bundles, in both descending roots of 5th nerve, in descendiug fillet fibres
on both sides and in one pyramid. Projection drawings.
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PLATE XV.

Cat. Lesion of right optic thalamus. Degeneration behind lesion in post com-
missure, and in a bundle lying immediately ventro-lateral to the dorsal longitudinal
bundle of side of lesion and extending into the medulla and spinal cord, in stratum
opticum and in upper fillet. Projection drawings.

 by guest on June 5, 2016
http://brain.oxfordjournals.org/

D
ow

nloaded from
 

http://brain.oxfordjournals.org/


PLATE XVI.

Tumour of mesencephalon. Descending degeneration in the left pyramid, both
central tegmental tracts, both Monakow's bundles, both brachia conjunctiva, both
descending trigeminal roots and in both mesial fillets. Projection drawings.
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PLATE XVII.
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PLATE XVIII.

Abscess of the meseucephalon. Degeneration in both dorsal longitudinal bundles,
both ventral longitudinal bundles, both central tegmental tracts, both bracbia con-
junctiva ; both descending trigeminal roots, both Monakow's bundles and in both
mesial fillets.

Degeneration in a tract on either side running from the superior medullary velum
to Deiters's nucleus. Projection drawings.
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PLATE XIX.

10

M.B.
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PLATE XX.

Tumour of the pons extending from the region of the inferior colliculi to the
junction of the pons and medulla, more extensive upon the left side.

Descending degeneration in both pyramids L. > R., in the left mesial fillet and
central tegmental tract, left fasciculus proprius of the medulla, in both dorsal and
the R. ventral longitudinal bundle, L. spinal trigeminal root. Atrophy of the left in-
ferior olive, Projection drawings.
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PLATE XXI.
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PLATE XXII.

Tumour of left centrum ovale involving the left internal capsule, A localised
patch of recent softening was present in the superior collicular region involving the
nucleus lateralis superior, the upper part of the substautia nigra, the upper fillet and
slightly the outer side of the red nucleus on the left side. A small haemorrhage was
present in the posterior inferior part of the left inferior colliculus.

Degeneration below the lesions in the left pyramidal tract, accessory fillet and
mesial fillet.

From the lesion in the inferior colliculus a large fibred tract descended having a
dorso-lateral situation in the pons and medulla, and in part joining the pyramid at
the decussation, appeared to run as a ventro-lateral tract in the cord. Projection
drawings.
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PLATE XXIV.

Transverse section of tegmental region of the upper pons showing the ventral
longitudinal bundles and the central tegmental tracts. Normal human brain. Pal
method.
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described by Russell, i.e., crossed and uncrossed ventral
and lateral bundles. The. course of the accessory fillet
corresponded with Bechterew's and with Schlesinger's
description except that many fibres appeared to rejoin
the pyramid in the pons and medulla. Spitka's bundle
(mesial accessory fillet) was not involved.

The tract of fibres from the region of the inferior
colliculus is of peculiar interest and will be discussed later.
Notwithstanding the lesion of the nucleus lateralis superior
and red nucleus there was no degeneration in the ventral
longitudinal bundle, nor in Monakow's bundle. Possibly
this lesion was too recent to cause evident degeneration.

The foregoing observations bring forward little that is
new, but they serve to bring together certain opinions of
eminent investigators concerning the origin and destina-
tion of some descending mesencephalic tracts, which have
hitherto been at variance. The presence of these tracts
in man, which have been mostly investigated in animals,
and their similarity of origin and course, have received but
little attention in this country, and this fact will, we hope,
justify the publication of these scanty observations pre-
liminary to a more lengthy investigation upon this subject
which it is our intention to pursue.

The points of interest in our observations may be summed
up as follows :—

Monakow's bundle.—This tract, composed of large fibres,
follows an almost identical course already described in the
cat, monkey, and in man. It is relatively a large tract in
the cat, relatively a small tract in man. So far as the
descending fibres of this tract are concerned they appear to
cross entirely in Forel's decussation. The majority of the
fibres appear to have their origin in the caudal part of the
red nucleus. Probst has recently found that wherever the
red nucleus is injured degeneration in this tract follows, and
that a lesion of a mesencephalon not involving the red
nucleus gives rise to no degeneration of this tract. Our
observations do not accord with his results. In experiment
5 and in case No. 5 the anterior and lateral aspect of the red
nucleus respectively were injured and Monakow's bundle

VOL. xxiv. 14
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showed no degeneration. This suggests that the cells of
the caudal part of the nucleus only give rise to the fibres in
question. Further we have, beyond all doubt, traced fibres
from the gray matter lying immediately ventro-lateral to the
dorsal commissure, across Forel's decussation into Mona-
kow's bundle and this in a case where there was no degenera-
tion in the ventral longitudinal bundle of the crossed side.
This origin for the fibres of Monakow's bundle was suggested
by Held, Nissl and Boyce, while the majority of writers on
the subject consider the red nucleus only to be the place of
origin of the descending fibres of this tract. Our observa-
tions incline strongly in favour of a double origin for the
fibres, the majority arising in the cells of the red nucleus,
others in the gray matter close to the dorsal commissure.
The latter fibres appear to cross just at the junction of
Meynert's and Forel's decussations.

In more than one of our experiments a few fibres ap-
peared to leave this tract as it lay in the fasciculus proprius
medullae and to run to the cerebellum with the restiform
body. Such fibres have not, so far as we are aware, been
described by other observers; they were the only fibres
leaving the tract above the pyramidal decussation. In the
cat, monkey, and man we have traced the tract into the
sacral region, its termination in the ventral horns of the
same side being easily seen. Only above the dorsal region
were the fibres distinctly separated from those of the lateral
pyramidal tract, lying in front of the latter.

The lateral ponto-spinal tract occupies apparently the
same position in the medulla and spinal cord as does
Monakow's bundle. Comparing the low pontine lesion in
case 3 with the mesencephalic lesions in cases 1 and 2, the
much greater degeneration in the fasciculus proprius medullse
and in the position occupied by Monakow's bundle in the
cord in the former case is obvious. In this case the pontine
nuclei and Deiters's nucleus of the left side were destroyed,
and the large area of degeneration ventral to the spinal root
of the fifth on the left side represents the combined lateral
tract from the mesencephalon, pons, and upper medulla.
Traced into the spinal cord, the degeneration in case 3
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spread out in a band reaching from the lips of the ventral
fissure nearly to the mid-point of the lateral column, and in
the lateral column formed a wedge-shaped tract with base
to the surface and apex stretching towards the lateral horn.
Below the cervical region that part of the degeneration
forming the wedge merged gradually into the lateral pyra-
midal tract (lateral ponto-spinal and rubro-spinal fibres), but
the degeneration stretching along the surface outwards from
the lips of the ventral fissure retained this position as long
as it was traceable, that was to the lower dorsal region
(vestibulo-spinal fibres).

The ventral longitudinal bundle is described as having
its origin in the nuclei lateralis superior and centralis
superior and as crossing entirely in the fountain crossway.
We have not actually traced the degeneration from the
nucleus lateralis superior, but have found marked degenera-
tion of the bundle where this nucleus was intact. In most
of our cases the fibres evidently arose from the gray matter
immediately ventro-lateral to the dorsal commissure and
having a curved course round the gray matter encircling the
aqueduct, crossed in the fountain crossway. We can firmly
support Held's statement that some of these fibres do not
cross, but enter the ventral longitudinal bundle of the same
side.

The crossed relation of the degeneration of the dorsal
longitudinal bundle with that of the ventral longitudinal
bundle and Monakow's bundle in unilateral lesions of the
mesencephalon is striking, and is explained by the fibres of
the dorsal longitudinal bundle being involved by such a
lesion after they have crossed in the dorsal commissure.

The position of this tract as regards its proximity to the
raphe of the pons and medulla seems to vary considerably.
In the cord the fibres are spread out along the sides of
the ventral fissure. We have traced them to the lumbar
region.

The vestibulo-spinal tract must have been involved in
cases 3 and 4, and the degeneration in the spinal cords of
these cases involves an area amongst other degenerate areas
quite corresponding with the classic description of the fibres
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descending from Deiters's nucleus to the spinal ventral horns.
These fibres were traceable to the sacral regions of the
spinal cord.

The above tracts, Monakow's bundle, the ponto-spinal
tract, and vestibulo-spinal tracts, and some fibres of the
dorsal and ventral longitudinal bundle, may be considered
together as constituting a system descending from the
various lower levels of the brain and probably constituting
an alternative path by which motor impulses reach the
spinal cord, the other path being the pyramidal system.
In birds there is no direct descending path from the cere-
brum, and, according to the investigations of Miinzner and
Wiener, Monakow's bundle is in these animals very well
developed. In mammals the tracts here considered are well
developed, it would seem, inversely to the development of
the pyramidal system. In no case have we found so many
fibres, for instance in Monakow's bundle in man, as in the
cat. This inverse proportion of the development of these
tracts and the pyramidal system is interesting in connection
with the well-known persistence of voluntary movement
after destruction of the pyramidal systems in lower mam-
mals. Starlinger, Wertheimer and Le Page have shown
that complete destruction of the pyramidal fibres at the
decussation abolishes neither voluntary movement nor move-
ments of the limbs as a result of cortical stimulation in the
dog and monkey. Stoddart also proved that cortical excita-
tion produced movements of the hind limbs and tail after
longitudinal section of the decussation. It seems probable
that the tracts here concerned represent the original paths
for impulses from higher to lower parts in the nervous
system, and that the path from cerebrum to cord, at first
indirect, has with the process of evolution become direct by
the development of a short circuit system—the pyramidal
system—running direct from cerebral cortex to the lower
levels. It has further been stated that no case has ever
been brought forward in man in which complete destruc-
tion of the pyramidal tracts of one side below the thalamus
has been followed by complete paralysis.

In connection with decerebrate rigidity and the presence
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of the deep reflexes in transverse lesions of the nervous
system we may point out that when, as in Sherrington's
original experiments, decerebrate rigidity is produced by
mesencephalic transection in the cat, if heinisection of the
medulla or cord be subsequently performed, such rigidity
disappears at once on the side of and caudal of the hemi-
section. We suggest that the efferent paths essential for
the production of decerebrate rigidity may be some of the
tracts here concerned.

The integrity of the connection of the higher with the
lower parts of the nervous system is now generally con-
sidered in man to be essential for the production of the deep
reflexes. Total transverse lesions of the spinal cord abolish
them. In connection with the disease "acute combined
sclerosis " in which there is a progressive degeneration of all
the long fibre systems in the spinal cord, the clinical aspect
of the disease is, at first, one of spastic paraplegia, and sub-
sequently if the patient live, one of flaccid paraplegia with
absence of the deep reflexes. We would suggest, as the
result of the pathological condition found by one of us
(J. C.) in twelve cases, seven of which were published in
this journal by Dr. Eussell and Dr. Batten, that the onset
of flaccid paralysis and loss of the deep reflexes is coincident
with the degeneration of the remaining descending long
fibres systems in the cord; for the pyramidal system suffers
early in this disease and the short fibres systems have never
been extensively affected. The afferent tracts are affected
earliest of all in the disease and they have been found com-
pletely degenerate where spasticity continued to the end.
It would seem to us then that the integrity of the long
fibres systems of the antero-lateral regions of the cord
dealt with in this paper, and which are among the last
to be involved in combined degeneration is responsible
for the maintenance of rigidity and the deep reflexes in
default of the pyramidal systems and that with their
degeneration flaccidity sets in and the deep reflexes are
no longer obtainable.

We are promised the results of a wide experimental
investigation into the physiology of these tracts at an early
date by Kothmann.
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It was pointed out as long ago as 1866 by Bouchard in
cases of hemiplegia that the area of degeneration in trans-
verse sections of the cord varied with the position of the
lesion causing the hemiplegia. He showed that where the
lesion implicated the hemisphere only the degeneration in
the lateral column was sharply marked off ventrally, but that
where the mesencephalon and pons were implicated the area
of degeneration spread forwards towards the ventral roots
and that the lower the lesion in the brain stem the more the
degenerated area encroached upon the antero-lateral column.
Many authors have since confirmed this fact, and indeed
from the area of degeneration in sections of the cervical cord
in such cases it is possible to infer with considerable
accuracy the position of the lesion in the brain.

The central tegmental tract as degenerating caudalwards
in lesions of the brain stem has been a most striking feature
in three of the cases recorded here, and a few of its fibres
were degenerated in one of the monkeys. In the other
experiments the position and sagittal direction of the lesions
probably explain the absence of degeneration of this tract.

We have found its course exactly as described by
Bechterew, but our cases did not afford an investigation of
its origin further than the fact that it was not degenerated
in the cat in a lesion of the dorso-mesial part of the
thalamus.

Most of the fibres of the tract appeared to end on the
surface of the inferior olive of the same side, but some
running between the pyramid and the olive appeared to
enter the hilum olivse and some seemed to be lost in the
interolivary layer. As, however, in each of our cases where
the central tegmental tract was degenerate, descending fibres
of the fillet were degenerate in the interolivary layer, we
were unable to trace with certainty the fibres of the central
tegmental tract in the interolivary layer. We were unable
to trace any of the fibres into Helweg's triangular tract.

In the Neurologische Centralblatt for June 16, 1901,
Professor Obersteiner publishes a case of tumour of the
dorsal aspect of one half of the medulla in which he figures
what he considers to be degeneration in the triangular field
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and traces this to the upper thoracic region of the spinal
cord. He considers this tract to arise above the olive and
to have no connection with the central tegmental tract
which he considers to end in and upon the olive. We
would point out, however, that the degeneration he figures
corresponds exactly with that of the vestibulo-spinal tract,
with perhaps some fibres of the rnbro-spinal and ponto-
spinal tracts. From his figure the former must have been
implicated in the lesion, and the latter possibly. He figures
a coarse fibre degeneration which, he admits, is not in the
recognised position of the triangular path, and traces it to
the dorsal region. The triangular path is, however, com-
posed of very minute fibres. We cannot think that his
interpretation of this case is clearly proved, nor that his
dissent, on the grounds of his case, from von Bechterew's
assertion upon the origin of the triangular path in the
inferior olive (fasciculus periolivaris), logical.

In two of our cases there was marked atrophy of the
inferior olive. This atrophy seemed to depend upon the
degeneration of the central tegmental tract and not upon
that of the fillet. This atrophy has been noted by Mott and
others after hemi-transection of the brain stem and has
been usually considered a disuse atrophy resulting from a
lesion of the mesial fillet.

The descending fibres of the fillet seem to fall into at
least three groups. Firstly, those fibres which descend
doubtless from the pyramidal radiation from the accessory
fillet of von Bechterew (lateral pontine bundle of Schlesinger)
lie at first as scattered bundles in the substantia nigra, close
to the dorso-mesial aspect of the crusta, and which subse-
quently enter the mesial fillet to be distributed to the nuclei
of certain cranial nerves (coarse fibres of late myelination).
Secondly, fine fibres of the mesial fillet which in the cat and
monkey degenerate downwards after lesions of the thalamus
and upper fillet, and can be traced for a certain distance
only, apparently becoming lost in the reticular formations
of the pons and medulla. Lastly, in old standing lesions at
least, a great many fibres of the mesial fillet degenerate
below lesions and can be traced through the interolivary
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layer, some to the olivse and some through the fillet decus-
sation to the posterior column nuclei. In cases where
the mesial fillet has been destroyed the number of fibres
which behave in this way is so great that the degeneration
is plainly visible by the Pal method.

In case 5, the accessory fillet was entirely degenerated
upon one side ; it was traced from the capsule, and the
degenerate fibres were seen to enter the motor nucleus of
the fifth of both sides and the nucleus of the facial nerve on
both sides and also the nucleus of the hypoglossal on both
sides, but neither the nuclei oculo-motorii, abducentes, nor
vagi. Many of these fibres seemed to re-enter the pyramid
in the region of the medulla.

The fibres of the second class were met with in some of
the experimental lesions and in case 5. Apparently they
were fine fibres with origin above the mesencephalon, run-
ning down in the region of the upper and subsequently the
mesial fillet, and becoming scattered and finally lost in the
reticular formation of the pons and medulla.

The third group of fillet fibres were degenerated in all
the cases where the middle fillet was injured. Such de-
generation has been referred to by many authors as "retro-
grade degeneration." However, this degeneration may be
most obvious in so short a time as eight weeks after the
lesion, as we have noticed in more than one case in the
human subject (not reported here), and is in no way that we
are aware of to be distinguished from ordinary degeneration.
It may be argued that this degeneration of the fillet is of the
same nature as is the posterior root and posterior column
degeneration which occurs in connection with cerebral tumour
and vascular lesions of the brain, whatever the nature of the
process. If such argument be valid the degeneration is an
ascending one. The posterior degeneration is, however,
independent of the location of the lesion, whereas the
descending fillet degeneration is consequent only, so far as
we are aware, upon an implication of the tract itself.

The tract descending from the region of the inferior
colliculus in case 5 is peculiar. Its course, outside the
superior brachium and restiform body in the lateral part of
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the pons and subsequently on the dorso-lateral aspect of the
restiform body, was remarkable.

Moreover it was separated off anatomically in the region
of the restiform body as a rounded bundle and could plainly
be seen on the non-degenerate side. We have searched
through a number of specimens of this region stained by
Pal's method from different cases and have as yet failed to
find any similar tract separated off from the restiform
body. It was composed of large fibres and in part seemed
to join the pyramid just above the decussation, in part ran
in the ventro-lateral region of the spinal cord. The fibres
joining the pyramid seemed continued into the uncrossed
ventral pyramidal tract..

We are unaware of any previous description of such a
tract. From its mode of termination and from the fact that
it was degenerated upon the side of a complete pyramidal
degeneration, we would suggest that it was an aberrant
pyramidal bundle, though its widely lateral course in the
pons is not in line with this suggestion. From the position
of the haemorrhage in the inferior collicular region it was
impossible to trace its upper connection with the pyramid
if such existed.

The Tracts from the Nuclei Fastigii to Belters's Nuclei.

The degeneration in case 2 shows that some of the
constituent fibres are cerebellofugal. We were unable to
trace any of these fibres to the nucleus of the vagus.

Fibres descending from the Thalamus to the Ventral Columns.

In experiment 5 (cat) a well-marked bundle of fibres
descended from the thalamic region to the ventral column
having an uncrossed course and being situated ventro-lateral
to the ventral longitudinal bundle. They were not fibres of
the fillet system, being always situated in a position ventral
to the latter. They did not correspond with Held's uncrossed
fibres of the ventral longitudinal bundle since their origin
was in the deep part of the thalamus and their course not
that of the ventral longitudinal bundle. Some of these fibres
were traced in the ventral column of the cord close to the
fissure to the lowest cervical region.
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